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7HUPV
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
ZKLFK LV D OHDVWVTXDUH RSWLPDO VROXWLRQ WR WKH OLQHDU UHJUHVVLRQ SUREOHP &ODOLGOL  )O DQG
&GDGLGGL )GHTXLYDOHQWWR1RWHWKDWWKHPDWULFHV&O7&ODQG&G7&GDUHQRQVLQJXODUIRUL!
)RUL RQO\WKHPXOWLSOLFDWLYHFRUUHFWLRQZLWK$LFRPSRQHQWVDUHXVHGZKLFKFDQEHFDOFXODWHGLQD
VLPLODUZD\
 9DULDEOH)LGHOLW\0RGHOLQJ
7KLV VHFWLRQ GHVFULEHV WKH KLJK DQG ORZILGHOLW\ PRGHOV XVHG LQ WKLV VWXG\ :H XVH D WZR
GLPHQVLRQDOFRPSXWDWLRQDO IOXLGG\QDPLFV &)'PRGHO WRGHVFULEH WKH IORZEHKDYLRURI WKH WUDZO
GRRU$WZRGLPHQVLRQDO&)'PRGHOFDQJLYHDJRRGGHVFULSWLRQRIWKHPDLQIORZFKDUDFWHULVWLFVRI
KLJKDVSHFW UDWLRZLQJV DQG LV FRQVLGHUHG WREH VXIILFLHQW WR GHPRQVWUDWH WKHSURSRVHGRSWLPL]DWLRQ
DOJRULWKP$IXOOWKUHHGLPHQVLRQDOPRGHOVKRXOGEHXVHGIRUGHWDLOHGDQDO\VLVDQGGHVLJQRIDWUDZO
GRRUWRFDSWXUHWKHIORZILHOGPRUHDFFXUDWHO\
 +LJK)LGHOLW\0RGHO
7KH IORZ LV DVVXPHG WZRGLPHQVLRQDO VWHDG\ LQFRPSUHVVLEOH DQG YLVFRXV 7KH 5H\QROGV
DYHUDJHG1DYLHU6WRNH5$16HTXDWLRQVDUHWDNHQWREHWKHJRYHUQLQJHTXDWLRQVZLWK0HQWHU¶VNZ
667WXUEXOHQFHPRGHOUHIHUWR7DQQHKLOOHWDOIRUIXUWKHUGHWDLOV
7KHIDUILHOGLVFRQILJXUHGLQDER[WRSRORJ\ZKHUHWKHWUDZOGRRUJHRPHWU\LVSODFHGLQWKHFHQWHU
RIWKHER[7KHPDLQHOHPHQWOHDGLQJHGJH/(LVSODFHGDVWKHRULJLQZLWKWKHIDUILHOGH[WHQGLQJ
FKRUGOHQJWKVDZD\IURPWKHRULJLQLQHYHU\GLUHFWLRQ)LJD7KHFKRLFHRIXVLQJDER[WRSRORJ\
LQWKLVFDVHLVEHFDXVHLWLVVLPSOHWRLPSOHPHQW2WKHUVKDSHVFDQEHXVHGVXFKDVDFLUFOH+RZHYHU
WKHIDUILHOGQHHGVWREHIDUHQRXJKIURPWKHWUDZOGRRUVRWKHERXQGDU\FRQGLWLRQVDFRQVWDQWYHORFLW\
LQOHWDQGDFRQVWDQWSUHVVXUHRXWOHWUHPDLQFRQVLVWHQWLQWKHIORZVROXWLRQ
:H XVH DQ XQVWUXFWXUHG WULDQJXODU JULG ZKHUH WKH HOHPHQWV DUH FOXVWHUHG DURXQG WKH WUDZOGRRU
JHRPHWU\ JURZLQJ LQ VL]H DV WKH\PRYH DZD\ IURP WKH RULJLQ 7KHPD[LPXP HOHPHQW VL]H RQ WKH
JHRPHWU\LVVHW WRRIWKHFKRUGOHQJWKDQGWKHPD[LPXPHOHPHQWVL]HLQGRPDLQDZD\IURP
WKHWUDZOGRRULVWLPHVWKHFKRUGOHQJWK7KHVHSDUWLFXODUVL]HVDUHWKHUHVXOWVRISDUDPHWULFVWXGLHV
ZKHUHWKHIORZLVDQDO\]HGWRPDNHVXUHWRFDSWXUHWKHPDLQFKDUDFWHULVWLFIORZIHDWXUHV0RUHRYHULQ
RUGHU WR FDSWXUH WKH YLVFRXV ERXQGDU\ OD\HU ZHOO D SULVPDWLF LQIODWLRQ OD\HU LV H[WUXGHG IURP DOO
VXUIDFHV 7KH LQLWLDO OD\HU KHLJKW LV FKRVHQ VR WKDW \  7KHPHVK LV JHQHUDWHG ZLWK ,&(0&)'
$QH[DPSOHPHVKLVVKRZQLQ)LJVEDQGF
1XPHULFDO IOXLG IORZ VLPXODWLRQV DUH SHUIRUPHG XVLQJ WKH FRPPHUFLDO FRPSXWHU FRGH)/8(17
 7KH IORZ VROYHU LV FRXSOHG YHORFLW\SUHVVXUHEDVHG IRUPXODWLRQ 7KH VSDWLDO GLVFUHWL]DWLRQ
VFKHPHVDUHVHFRQGRUGHUIRUDOOIORZYDULDEOHVDQGWKHJUDGLHQWLQIRUPDWLRQLVIRXQGXVLQJWKH*UHHQ
*DXVVQRGHEDVHGPHWKRG$GGLWLRQDOO\ GXH WR WKH FRPSOH[ IORZFRQGLWLRQVZKLFK DUH REVHUYHG DW
KLJKDQJOHRIDWWDFNDSVHXGRWUDQVLHQWRSWLRQDQGKLJKRUGHUUHOD[DWLRQWHUPVDUHXVHGLQRUGHUWRJHW
D VWDEOH FRQYHUJHG VROXWLRQ 7KH UHVLGXDOV ZKLFK DUH WKH VXP RI WKH / QRUPV RI DOO JRYHUQLQJ
HTXDWLRQVLQHDFKFHOODUHPRQLWRUHGDQGFKHFNHGIRUFRQYHUJHQFH7KHFRQYHUJHQFHFULWHULRQLVVXFK
WKDWDVROXWLRQLVFRQVLGHUHGWREHFRQYHUJHGLIWKHUHVLGXDOVKDYHGURSSHGE\VL[RUGHUVRIPDJQLWXGH
RUWKHWRWDOQXPEHURILWHUDWLRQVKDVUHDFKHG
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DEF
)LJXUH  7ZRGLPHQVLRQDO &)'PRGHO D WKH VROXWLRQ GRPDLQ DQG ERXQGDU\ FRQGLWLRQV DQG DQ
H[DPSOH WZRGLPHQVLRQDO FRPSXWDWLRQDOPHVK E WKH IDUILHOG DQG F D FORVHXSRI WKH WUDZOGRRU
VXUIDFH


DE
)LJXUH  *ULG FRQYHUJHQFH VWXG\ XVLQJ D WZR HOHPHQW DLUIRLO VODW 1$&$  PDLQ HOHPHQW
1$&$DW9 PV5H îĮ DOLIWDQGGUDJFRHIILFLHQWVYHUVXVWKHQXPEHURI
JULGHOHPHQWVEWKHVLPXODWLRQWLPHYHUVXVWKHQXPEHURIJULGHOHPHQWV

$VXIILFLHQWO\ILQHHQRXJKPHVKLVIRXQGE\FDUU\LQJRXWDJULGFRQYHUJHQFHVWXG\RIDWZRHOHPHQW
DLUIRLOVODW1$&$PDLQHOHPHQW1$&$VHHFRRUGLQDWHVLQ$EERWWDQG9RQ'RHQKRII
DWVSHHG9 PV5H\QROGVQXPEHU5H îDQGDQDQJOHRIDWWDFNĮ 7KHUHVXOWV
DUH VKRZQ LQ)LJ  DQG UHYHDO WKDW DURXQGJULG HOHPHQWV DUH QHHGHG IRU FRQYHUJHQFH7KH
RYHUDOO VLPXODWLRQ WLPH QHHGHG IRU RQH KLJKILGHOLW\ &)' VLPXODWLRQ ZDV DURXQG  PLQXWHV
H[HFXWHGRQ WZR,QWHO;HRQ5;*+]SURFHVVRUV LQSDUDOOHO VROYHU LWHUDWLRQVZKHUH
UHTXLUHG
 /RZ)LGHOLW\0RGHO
7KH ORZILGHOLW\ &)' PRGHO LV WKH VDPH DV WKH KLJKILGHOLW\ RQH EXW ZLWK D FRDUVHU PHVK
GLVFUHWL]DWLRQ DQG UHOD[HG IORZ VROYHU FRQYHUJHQFH FULWHULD ,Q SDUWLFXODU EDVHG RQ WKH JULG
FRQYHUJHQFHVWXG\SUHVHQWHGLQ)LJZHVHOHFW WKHORZILGHOLW\PRGHOZLWKDERXWHOHPHQWV
7KH PD[LPXP QXPEHU RI IORZ VROYHU LWHUDWLRQV LV IL[HG  7KH UHVXOWLQJ ORZILGHOLW\ PRGHO LV
DURXQGWLPHVIDVWHURQDYHUDJHWKDQWKHKLJKILGHOLW\PRGHO
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 1XPHULFDO([DPSOH
 'HVFULSWLRQ
7KHWUDZOGRRUWREHRSWLPL]HGKDVDPDLQHOHPHQWVKDSHRIWKH1$&$SURILOHDQGDVODWRI
WKH 1$&$  SURILOH VHH )LJ  7KH 1$&$ SURILOHV DUH VSHFLILFDOO\ GHVLJQHG IRU ORZVSHHG
DSSOLFDWLRQV7KHFKRUGOHQJWKVRIERWKHOHPHQWVDUHIL[HGZLWKWKHFKRUGOHQJWKRIWKHVODWFVEHLQJ
RIWKHPDLQHOHPHQWFKRUGOHQJWKF7KHRSHUDWLQJVSHHGLV9f PVZKLFKLVDW\SLFDOVSHHG
GXULQJWUDZOLQJ*DUQHU
7KHREMHFWLYHLVWRPLQLPL]HWKHVHFWLRQGUDJFRHIILFLHQW&GVXEMHFWWRDFRQVWUDLQWRQWKHVHFWLRQ
OLIWFRHIILFLHQW&OtDVGHVFULEHGLQ6HFWLRQ7KHGHVLJQYDULDEOHVDUHWKH[VFDQG\VFORFDWLRQV
RIWKHVODWOHDGLQJHGJHZLWKUHVSHFWWRWKHPDLQHOHPHQWOHDGLQJHGJHWKHDQJOHLQFLGHQFHRIWKHVODW
T ZLWK UHVSHFW WR WKH PDLQ HOHPHQW FKRUG OLQH DQG WKH DQJOH RI DWWDFN D RI WKH DVVHPEO\ 7KH
VHDUFKGRPDLQLVVHWDVd[Fdd\FddTdGHJdDdGHJ7KH
LQLWLDOGHVLJQLV[F \F T GHJDQGD GHJ
 5HVXOWV
7KH RSWLPL]DWLRQ UHVXOWV DUH VKRZQ LQ 7DEOH  7KH LQLWLDO DQG RSWLPL]HG WUDZOGRRU VKDSHV DUH
VKRZQLQ)LJ7KHRSWLPL]HGGHVLJQKDV[F \F T GHJDQGD GHJ
ZLWK&O DQG&G JLYLQJDOLIWWRGUDJUDWLRRI7KH60RSWLPL]HUUHTXLUHGKLJK
ILGHOLW\ PRGHO HYDOXDWLRQV DQG  ORZILGHOLW\ RQHV \LHOGLQJ D WRWDO UXQWLPH RI DSSUR[LPDWHO\ 
KRXUV 7KH FRQYHUJHQFH KLVWRU\ LV VKRZQ LQ )LJ  ZKHUH LW FDQ EH VHHQ WKDW WKH LQLWLDO GHVLJQ LV
LQIHDVLEOH EXW WKH RSWLPL]HU TXLFNO\ DSSURDFK WKH OLIW FRQVWUDLQW YDOXH DQG ILQDOO\ FRQYHUJHV RQ WKH
REMHFWLYH YDOXH FKDQJH &RPSDUHG ZLWK RXU SUHYLRXV VWXG\ RI WKLV SDUWLFXODU SUREOHP XVLQJ ORFDO
VXUURJDWHPRGHO /HLIVVRQ HW DO  WKH 60PDSSLQJ DOJRULWKPRXWSHUIRUPV LW E\ UHGXFLQJ WKH
RSWLPL]DWLRQFRVWE\ZKLOHLPSURYLQJWKHGHVLJQVLJQLILFDQWO\


7DEOH&RPSDULVRQRI60RSWLPL]DWLRQUHVXOWVZLWKDQDSSURDFKXVLQJORFDOVXUURJDWHV
 3UHYLRXVVWXG\ &XUUHQWVWXG\ 5HODWLYHGLIIHUHQFH
[FVODW   
\FVODW   
͐!\efh^   
͉!\efh^   
&O   
&G   
&O&G   
,WHUDWLRQV   
(YDOXDWLRQV   
&)'5XQWLPH>KRXUV@ ൎ ൎ 
'DWDIURP/HLIVVRQHWDO
+LJKDQGORZILGHOLW\PRGHOHYDOXDWLRQV
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
)LJXUH,QLWLDODQGRSWLPL]HGWUDZOGRRUVKDSHV7KHIORZLVSDUDOOHOWRWKH[FD[LV


DE

FG
)LJXUH  2SWLPL]DWLRQ KLVWRU\ D DUJXPHQW FRQYHUJHQFH E QXPEHU RI KLJKILGHOLW\ IXQFWLRQ
HYDOXDWLRQVFHYROXWLRQRIWKHOLIWFRHIILFLHQWDQGWKHFRQVWUDLQWERXQGDQGGHYROXWLRQRIWKHGUDJ
FRHIILFLHQW
 &RQFOXVLRQ
$ FRPSXWDWLRQDOO\ HIILFLHQW RSWLPL]DWLRQ PHWKRGRORJ\ IRU WKH K\GURG\QDPLF GHVLJQ RI PXOWL
HOHPHQWWUDZOGRRUVKDSHVXVLQJKLJKILGHOLW\WZRGLPHQVLRQDO&)'PRGHOVKDVEHHQSUHVHQWHG2XU
DSSURDFK H[SORLWV YDULDEOHILGHOLW\ PRGHOV DQG VSDFH PDSSLQJ IRU ORZILGHOLW\ PRGHO FRUUHFWLRQ
1XPHULFDOGHVLJQVWXGLHVRIPXOWLHOHPHQWWUDZOGRRUVKDSHVLOOXVWUDWHWKDWVDWLVIDFWRU\GHVLJQVFDQEH
REWDLQHGDWWKHFRVWRIDIHZLWHUDWLRQVRIWKHDOJRULWKP
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5HIHUHQFHV
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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)OXLG'\QDPLFV6LPXODWLRQRI)LVKLQJ*HDU06F7KHVLV8QLYHUVLW\RI
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